Objective: The objective of this research was to investigate the chemical composition and antibacterial activities of the fatty acids and essential oil from various parts of Ligularia persica Boiss (L. persica) growing wild in north of Iran. Materials and Methods: Essential oils were extracted by using Clevenger-type apparatus. Antibacterial activity was tested on two Gram-positive and two Gram-negative bacteria by using micro dilution method. Results: GC and GC∕MS analysis of the oils resulted in detection of 94%, 96%, 93%, 99% of the total essential oil of flowers, stems, roots and leaves, respectively. The main components of flowers oil were cis-ocimene (15.4%), β-myrcene (4.4%), β-ocimene (3.9%), and γ-terpinene (5.0%). The major constituents of stems oil were β-phellandrene (5.4%), β-cymene (7.0%), valencene (3.9%). The main compounds of root oil were fukinanolid (17.0%), α-phellandrene (11.5%) and Β-selinene (5.0%) and in the case of leaves oil were cis-ocimene (4.8%), β-ocimene (4.9%), and linolenic acid methyl ester (4.7%). An analysis by GC-FID and GC-MS on the fatty-acid composition of the different parts of L. persica showed that major components were linoleic acid (11.3-31.6%), linolenic acid (4.7-21.8%) and palmitic acid (7.2-23.2%). Saturated fatty acids were found in lower amounts than unsaturated ones. The least minimum inhibition concentration (MIC) of the L. persica was 7.16 μg/ml against Pseudomonas aeruginosa. Conclusion: Our study indicated that the essential oil from L. persica stems and flowers showed high inhibitory effect on the Gram negative bacteria. The results also showed that fatty acids from the stems and leaves contained a high amount of polyunsaturated fatty acids (PUFAs).
Introduction
For centuries, essential oils have been used for the treatment of infections and diseases, in different parts of the world (Rios and Recio, 2005) . Nowadays, the use of essential oils is growing and there is a noticeable range application for them (e.g. in food and beverages industry, as fragrances in perfumes and cosmetics) but the oils also cover a broad spectrum of biological activities which has aroused the researchers' interest. In the past two decades, there has been a lot of research to study the antimicrobial activity of essential oils. The main constituents of some plant essential oils are thymol, carvacrol, linalool and eugenol that have been shown to have a wide spectrum of antimicrobial activities (Kalemba and Kunicke, 2003; Dorman and Deans, 2000) . Recently, the antibacterial properties and potential use of essential oils in foods have been investigated (Burt, 2004) .
Antimicrobial activities of spices and herbs have been known for several centuries (Bagamboula et al., 2003) . Essential oils and their components are becoming increasingly popular as natural antimicrobial agents to be used for a wide variety of purposes, including food preservation, complementary medicine and natural therapeutics. At present, essential oils are used by the flavoring industry for flavor enhancement and for their antioxidant effects (Cosentino et al., 2003) . Fatty acids have also a wide range of functions (Elias, 1983) . For example, some polyunsaturated fatty acids such as nervonic acid, linoleic acid and arachidic acid are vital for human growth (Carvalho et al., 2006 (Rechinger, 1989) . Ligularia species are used in traditional medicines such as treatment of coughs, inflammations, jaundice, scarlet fever, rheumatoid arthritis, and hepatic diseases (Xie et al., 2010) . Up to now, several phytochemical studies have identified various compounds such as steroids, alkaloids, flavonoids, lignans, sesquiterpenoids, and terpenoids in ligularia species (Yang et al., 2011) .
The secondary metabolites reported from L. persica have anti-bacterial, antilung cancer, anti-stomach cancer, antihepatotoxicity, anti-thrombotic, anticoagulation and anti-insect activity (Yang et al., 2011) . Extraction of roots of L. persica and chromatographic separation revealed one new derivative of tovarol, four new derivatives of shiromodiol, -andeudesmol, bakkenolide A and four known eremophilane derivatives (Marco et al., 1991) . There is a report on chemical composition and antimicrobial activities of aerial parts of L. persica in the literature (Mirjalili and Yousefzadi, 2012) . However, no previous work has been conducted on different part of this plant. Also, there is no report on the fatty acids composition and antibacterial activity of the different parts of L. persica essential oils. Therefore, the aim of this research is to analyze the chemical constituents and fatty acids of different parts of L. persica and antibacterial activity of the essential oils of different parts of L. persica was then investigated and discussed.
Materials and methods

Plant Material
L. persica was collected during the flowering stage in July 2012 from Pole Zangule located in central Alborz Mountains (Mazandaran province, North of Iran). The specimen was identified and authenticated by a taxonomist, Dr Alireza Naqinezhad, and a voucher herbarium specimen was deposited in the herbarium of the Department of Biology, University of Mazandaran (No. 1505). The plant material was air-dried at room temperature and protected from light for one week.
Isolation of essential oil
Different parts of L. persica (50 g) were subjected to hydro-distillation for 2 hours using a Clevenger-type apparatus. The obtained essential oil was dried over anhydrous sodium sulphate, filtered and stored at +4 °C until analysis.
Oil extraction and fatty acid methylation preparation
Dried ground plant materials (different parts of L. persica) were extracted with hexane using a Soxhlet apparatus (70 °C, 8 hours) to obtain the fatty components. After removing hexane using rotary evaporator, the oily mixtures were derivatized to produce their methyl esters by transesterification process with 2 M methanolic KOH at 70°C for 15 minutes (Tavakoli et al., 2012; Paquat, 1992) . The organic phases were analyzed by GC-FID and GC-MS systems.
Analysis of the essential oil and fatty acids GC-FID analysis
The GC analysis of the essential oil and fatty acids was performed using an Agilent Technology 7890A Network gas chromatographic (GC) system, equipped with an FID detector. Compounds were separated on a DB-5 Fused-silica capillary column (60 m long, 250 μm i.d. with 0.25μm film thickness, Agilent Technology). A sample of 1.0 μL was injected in the split mode with a split ratio of 1:5. The oven temperature was programmed to rise from 50 to 240°C at a rate of 4°C/min.
GC-MS analysis
The GC-MS analysis was performed with an Agilent Technology 5975C massselective detector coupled to anAgilent Technology 7890A gas chromatographic. For GC-MS detection, an electron ionization system, with ionization energy of 70 eV, was used. Column oven temperature program was the same as in GC analysis. Helium was used as the carrier gas at a flow rate of 1.0 ml/min. Mass range was 30 -600 m/z, while injector and MS transfer line temperatures were set at 220 °C and 250 °C, respectively.
Compounds identification
The oil components were identified by calculation of their retention indices under temperature-programmed conditions for nalkanes (C 6 -C 23 ) and the oil on DB-5 column under the same conditions. Identification of individual compounds was done by comparison of their mass spectra with those of the internal reference mass spectra library (Wiley 7.0 n,NIST 08) or with authentic compounds and confirmed by comparing their retention indices with authentic compounds or with those reported in the literature (Davies, 1990; Shibamoto, 1987; Adams,2007) .
Antimicrobial activity
Microbial strains
The essential oils were tested against two Gram-positive bacteria: Staphylococcus aureus ATCC 25923, and Streptococcus sobrinus ATCC 27609 and two Gram-negative bacteria including Escherichia coli ATCC 25922,and Pseudomonas aeruginosa ATCC 27853.
Micro dilution broth method
Micro-dilution susceptibility assay was performed using the NCCLS method for the determination of minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) (Wayne, 1999) . Dilutions were prepared in 96-well microtiter plates to get final concentrations ranging from 0 to 4,000 µg/ml. All tests were performed in BHI broth medium. Bacterial cell numbers were adjusted to approximately 1 × 10 8 CFU (colony forming units)/ml. The 96-well plates were prepared by dispensing 95 µl of nutrient broth and 5 µl of the inoculums into each well. The final volume in each well was 200 µl. The plates were incubated at 37 °C for 24 hours. Gentamicin was used as positive standard in order to control the sensitivity of the microorganisms. The growth was indicated by the presence of a white 'pellet' on the well bottom. The MIC was calculated as the highest dilution showing complete inhibition of the tested strains.
Results
Chemical Composition of the Essential Oil
The yields of essential oils of leaf, flower, stem and root of L. persica were 0.32%, 1.48%, 0.65%, 0.61% (w/w % based on dry matter weight ), respectively . The essential oils of different parts of L. persica were obtained by hydro-distillation method and examined by GC-FID and GC-MS. The colors of essential oils were yellow to green. The results obtained from GC-FID and GC-MS analysis of the essential oils of L. persica were shown in Table 1 . GC and GC∕MS analysis of the oils were resulted in detection 94%, 96%, 93%, 99% of the total essential oil of flowers, stems, roots and leaves, respectively. The main components of flower oil were cisocimene (15.4%), β-myrcene (4.4%), β-ocimene (3.9%), and γ-terpinene (5.0%). The major constituents of stem oil were β-phellandrene (5.4%), β-cymene (6.9%), and valencene (3.9%). The main compounds of roots oil were fukinanolid (17.0%), α-phellandrene (11.5%), and β-selinene (5.0%) and in the case of leaves oil were cis-ocimene (4.8%), β-ocimene (4.9%), linolenic acid, and methyl ester (4.7%).
Fatty acid Composition
The analysis of fatty acid obtained from different parts of L. persica revealed the presence of over 19 compounds as shown in Table 2 . The major components were linoleic acid (10.9-31.6%), linolenic acid (4.7-21.8%) and palmitic acid (7.2-23.2%). The results demonstrated that the quantities of unsaturated fatty acids (20.4-54.7%) were higher than saturated fatty acids (9.1-28.9%). 
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Inhibition of Bacterial Growth
The anti-bacterial activity of the essential oil from L. persica against a panel of pathogenic microorganisms was assessed by measurement of minimum inhibitory concentration (MIC). The results are presented in Table 3 . It can be concluded that the essential oil of root has the highest antibacterial activity and the oil of the leaves has the least efficient antibacterial activity among other parts. The Gram-negative bacterium that exhibited a higher sensitivity to the tested oils was Pseudomonas aeruginosa. The essential oil from stems showed the highest anti-bacterial effect against Pseudomonas aeruginosa (7.16 μg/ml in terms of MIC) and the least antibacterial activity was seen for leaves essential oil against Staphylococcus aureus (375 μg/ml in terms of MIC).
Table3. MIC (µg/ml) of the Ligulari apersica essential oils. 
Discussion
A comparison between reported chemical composition of the aerial parts of L. persica showed that the similar composition were obtained (Mirjalili and Yousefzadi, 2012) . In general, monoterpenes and sesquiterpenes were more abundant as compared to the other compounds. In addition, the presence of significant amounts of various bioactive constituents indicates a possible industrial use of these plants. Fukinanolid or bakkenolide A (17.0%), as the most abundant sesquiterpene in roots, α-pinen have been recently introduced as a powerful anti-microbial and anti-tumor agent (Rustaiyan et al., 1999) . Cis-ocimen that was the most abundant chemical in flowers (15.4%) is used as raw material in perfumes and cosmetics. Therefore, the essential oils of L. persica are suitable as natural supplement sources for food, cosmetic and pharmaceutical industries.
In addition, the amounts of the unsaturated fatty acids in the leaves and stems were higher than of the flowers and roots. Unsaturated fatty acids play a crucial role in human nutrition and health. Polyunsaturated fatty acids (PUFAs) have been considered as health-promoting nutrients in recent years. A growing body of studies illustrates the benefits of PUFAs in alleviating cardiovascular, inflammatory, heart diseases, atherosclerosis, autoimmune disorder, diabetes and other diseases (Finley, 2001 ).
Our study reported the secondary metabolites in essential oil and fatty acids extracted from different parts of Ligularia persica, as well as their antibacterial activities. These results indicate that L. persica may be a rich source of natural products with biological activities.
